In this paper, two powerful analytical methods known as modified homotopy perturbation method and Amplitude Frequency Formulation called respectively MHPM and AFF, are introduced to derive approximate solutions of a system of ordinary differential equations appear in mechanical applications. These methods convert a difficult problem into a simple one, which can be easily handled. The obtained solutions are compared with numerical fourth order runge-kutta method to show the applicability and accuracy of both MHPM and AFF in solving this sample problem. The results attained in this paper confirm the idea that MHPM and AFF are powerful mathematical tools and they can be applied to linear and nonlinear problems.
Introduction
Most of natural events and phenomena such as oscillation take place nonlinearly. Except for a few number of some nonlinear equations with solutions which are easy to find, solving these nonlinear problems can make researchers encounter difficulties in finding the exact analytical solution, thus it may guide authors to use various approximate analytical methods, such as Parameter expansion Method [1] [2] [3] , Variational Iteration Method [4] [5] [6] [7] [8] [9] [10] [11] , Homotopy Perturbation Method [12] [13] [14] [15] [16] [17] [18] , Amplitude Frequency Formulation [19] [20] [21] [22] , the Max-Min Approach [23] [24] [25] , Modifed Homotopy Perturbation Method [26] [27] [28] [29] , energy Balance Method [30] , Adomian Decomposition Method [31, 32] , Differential Transformation Method [33, 34] and Amplitude Frequency Formulation [35] .
In this paper, MHPM and MMA are used to solve three kinds of oscillators in the form,
where u and t respect to the generalized dimensionless displacement and time variable. 
Basic idea of modified homotopy perturbation method
To suggest the basic ideas of this method, the following equation is considered
So, the following homotopy can be yield.
Due to the alteration of homotopy parameter p from zero to the unity, when p = 0, Eq. (3) turns into the linearalized equationü 0 + ω 2 u 0 = 0 and when it's one, equation will be the original one.
The solution u and 1 as coefficient of u can be expanded as follows.
Replacing Eq. (4) and Eq. (5) into Eq. (3), and equating the terms with the identical powers of p, yields.
By inserting the answer of Eq. (6) u 0 = A cos (ωt)into Eq. (7), the following equation can be obtained.
Using Fourier series expansion, the secular term can be achieved.
In order to avoid the secular term the following equation should be considered.
Setting p=1 in equation gives.
So frequency ω can be yield.
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Basic idea of Frequency Formulation
For a generalized nonlinear oscillator in Eq. (1) two trial functions are considered as follows.
Substituting Eq. (13) and Eq. (14) into Eq. (1) yields Residuals R 1 (t) and R 2 (t 2 ) where t 2 = ωt. Here weighted residuals can be introduced in the following form.
According to He's frequency formulation the amplitude frequency formulation can be assumed.
where ω 1 = 1and ω 2 = ω. Substituting Eq. (15) and Eq. (16) into Eq. (17), ω AFF can be obtained.
Applications of solution procedures

example
In the first example physical model of nonlinear equation in the following figure is considered.
The equation of motion is written in the following form.
Here θ 0 = A cos(ϖt)can be acquire by solving Eq. (21) Substituting θ 0 into Eq. (22) yields:
where:
Utilizing the following Fourier expansion series yields.
where,θ
In order to avoid secular term the following equation can be set.
Substituting p = 1 into Eq. (5) gives.
So the first approximation to the angular frequency is.
Amplitude Frequency Formulation
In this section AFF is applied to solve Eq. (18) . Here Eq. (18) can be written in the following form.
where,
Replacing Eq. (13) and Eq. (14) as two trial functions into Eq. (18) , gives the following Residuals.
Equating ω 1 = 1, ω 2 = ω, weighted residuals can be written in the following form. 
Considering the following value of parameters, the comparison between numerical solution and analytical methods are illustrated in Fig.1 and Fig.2 .
As shown below, amplitude frequency formulation and Modified homotopy perturbation method have a high validity in comparison with runge-kutta method. 
Applying MHPM to example 2
Eq. (38) can be rewritten in the following form.
Utilizing the homotopy parameter p in Eq.(3), Following homotopy can be identified as follows.
By substituting Eq. (4) and Eq. (5) into Eq. (40) and extending it, first two linear equations can be rewritten in the following form.
Here x 0 = A cos(ϖt) can be obtained by solving Eq. (41). Substituting x 0 into Eq. (42) yields,
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By using the following Fourier expansion series.
For avoiding secular term the following equation should be determined.
Substituting p = 1 into Eq. (5) yields.
As presented in previous example, following residuals can be obtained as follows,
Replacing Eq. (63) and Eq. (64) and solving that, Amplitude-frequency relationship can be obtained in the following form:
Considering the following value of parameters, comparison between numerical solution and analytical methods are illustrated in Fig.3 and Fig.4 . 
Example 3
The physical model of nonlinear oscillation is clarified in the following figure,
The equation of motion can be yield as,
where g is the Gravitational acceleration, Let u = x l then expanding for |u| << 1, gives,
where
Equation (2) can be rewritten in the following form,
where a =
3.3.1 Applying MHPM to example 3
Using the homotopy parameter p in above equation, the following homotopy can be established,
Inserting Eq. (4) and Eq. (5) into Eq. (71), the linear equations can be written as follows,
Solving Eq. (73) gives,
Substituting Eq. (74) into Eq. (73), obtains,
Fourier expansion series expansion, gives,
Using Eq. (77) and avoiding secular term δ 1 = 0,the first approximation of frequency can be obtained as follows:
Substituting Eq.(70) into Eq.(79) yields,
Amplitude frequency formulation
Similarly using Eq. (13) and Eq. (14) for Eq. (66), yields the following Residuals.
Locating at ω 1 = 1, ω 2 = ω in Eq. weighted residuals can be obtained as follows, 
Solving Eq. (84), Amplitude-frequency relationship can be obtained,
Considering the following value of parameters, comparison between numerical solution and analytical methods are illustrated in Fig.5 and Fig.6 .
As shown below, amplitude frequency formulation and Modified homotopy perturbation method have a high validity in comparison with Runge-Kutta method. 
Conclusion
In this paper, Modified Homotopy Perturbation Method (MHPM) and Amplitude Frequency Formulation (AFF) which are proved to be powerful mathematical tools to study nonlinear vibrating equations have been successfully developed and tested on three examples of nonlinear vibrating equations. The obtained results demonstrate that both methods are accurate, capable and convergent techniques and that they compare extremely well with numerical solution. According to Figures associated with above examples which are the comparison between analytical methods and numerical RungeKutta method of order 4, indicates that these methods provide highly precise answers for nonlinear equations. These examples illustrate the efficiency of the modified homotopy perturbation method and Amplitude Frequency Formulation and also it has been shown that these methods don't have any requirement for advanced calculus.
